INTRODUCTION {#sec1-1}
============

Persistent severe neuropathic pain after spinal cord injury is a significant management problem for those involved in care of patients.\[[@ref1]\] However, the mechanism of post-spinal cord injury neuropathic pain remains obscure. Recent clinical studies revealed that central sensitization of the nociceptive input is in part mediated by excitatory amino acids glutamate and aspartate which act at the N- methyl-D- aspartate (NMDA) receptors\[[@ref2]\] and these have been speculated to contribute to a permanent hyperexcitability state in the pain pathway. During inflammation or injury there is increased glutamate and aspartate release in the spinal dorsal horn and increased synthesis of neurokinins in sensory ganglion as well as increase in their transport and release in the spinal cord that will stimulate central sensitization and wind up. Wind up can augment reaction of dorsal horn neurones up to 20-fold in magnitude and duration. This state of central hyperexcitability may continue after stoppage of the peripheral input and can be considered as temporal summation of excitatory postsynaptic potentials.\[[@ref3][@ref4]\] Gabapentin is commonly used for treatment of neuropathic pain.\[[@ref5]\] Gabapentin has a high binding capacity for the α~2~δ subunit of the presynaptic voltage-gated calcium channels\[[@ref6]\] which inhibits calcium influx and subsequent release of excitatory neurotransmitters in the pain pathways.

This study aimed to evaluate the effect of adding epidurally administrated NMDA receptor antagonists (ketamine) to oral anticonvulsant (gabapentin) for treatment of chronic neuropathic pain secondary to spinal cord injury.

MATERIALS AND METHODS {#sec1-2}
=====================

Approval was obtained from the institutional ethical committee and written informed consent from patients. This study was carried out on 40 patients aged 18--50 years with a diagnosis of post-spinal cord injury (lower dorsal and lumbar) pain as confirmed by magnetic resonance imaging (MRI) or computed tomography (CT). Duration of symptoms was more than six months in all patients. Patients were asked about any side-effects occurred during follow-up period. The process of inclusion into the study went on until the target number of patients was reached.

Patients with previous chronic anticoagulation therapy, coagulation disorders, infection in the back, bed sores, spine deformity, hepatic or renal impairment were excluded from the study. A prospective, randomized (sealed envelopes indicate the group of assignment), double-blind design was used, with both patients and post-injection caregivers and assessors blinded to management protocol.

All patients were premedicated with IM Midazolam 0.05 mg / Kg, and monitored with noninvasive arterial blood pressure, electrocardiography (ECG), and pulse oximetry. The patients were randomized into two equal groups. Group I received 0.2 mg/Kg of preservative -ree ketamine (2 ml) single bolus through epidural injection and gabapentin 300 mg three times per day. Group II received isotonic saline 0.9% (2 ml) single bolus epidural injection and gabapentin 300 mg three times per day. The epidural space was identified by loss of resistance to saline and confirmed radiologically (C- arm) by the characteristic longitudinal vacuolated spread of dye (Isovest 300) in the epidural space. Pain scores were obtained pre-injection, 7, 15, 30, 45 and 60 days post injection. Patients were also asked to report any side-effects related to ketamine (blurred vision, confusion, drowsiness, increased blood pressure or heart rate, mental or mood changes, nausea, nightmares, vomiting) or gabapentin (dizziness, drowsiness, weakness, tired feeling, lack of coordination, blurred vision, nausea, vomiting, stomach pain, loss of appetite).

Statistical analysis {#sec2-1}
--------------------

Data were presented in the form of mean ± S.D. Comparison of data parameters regarding patient characteristics was performed using student t-test. Mann-Whitney-U test was used to compare between the two groups regarding pain scores. Power of significance was considered significant if *P*\<0.05.

RESULTS {#sec1-3}
=======

The study population consisted of 40 patients. Patient characteristics were similar in the two groups \[[Table 1](#T1){ref-type="table"}\].

###### 

Patient characteristics in both groups
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At all time periods examined \[[Table 2](#T2){ref-type="table"}\], pain scores were significantly lower in both groups than pre-injection (*P*\<0.0001). The pain scores were significantly lower in Group I than in Group II at 7, 15, 30 days after injection (*P* 0.02, \<0.0001,0.0001 respectively) but there was no statistically significant difference between groups at 45, 60 days (*P*=0.1, 0.15). No detectable side-effects were reported from ketamine epidural injection. Regarding gabapentin side-effects six patients experienced feeling of tiredness and lack of coordination which lasted for a few days after starting medication.

###### 

Visual analogue scale for pain before treatment, 7, 15, 30, 45 and 60 days post injection in Group I and Group II
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DISCUSSION {#sec1-4}
==========

In the present study, the analgesia induced by addition of epidural ketamine to gabapentin was better and sustained for one month after injection when compared to that in the group of gabapentin alone. The long potency was explained by blocking of wind-up of dorsal horn by NMDA receptor antagonists.\[[@ref7]\] Interestingly,\[[@ref8]\] a study carried out by insertion of epidural catheter in patients with low back pain and ketamine in a dose of 0.1 mg/kg followed by 30 mg lidocaine 1% applied three times daily (8-h interval) for three weeks, concluded that epidural ketamine compared to clonidine was effective for control of refractory chronic low back pain. On comparing post-injection to pre-injection VAS in that study, the VAS was maintained between 0-3 cm during epidural ketamine administration and for two to five weeks following epidural catheter removal, no side-effects for ketamine were recorded.

Another study\[[@ref9]\] revealed that pain scores decreased after single slow intravenous push of ketamine at 250 mcg/Kg in patients with chronic neuropathic pain.

Intrathecal ketamine\[[@ref10]\] was reported as a successful treatment for non-malignant pain. Also, another study\[[@ref11]\] reported that although the evidence of ketamine for the treatment of chronic pain is moderate to weak, ketamine is successfully used in situations where standard analgesic options have failed. Block of NMDA receptors may lead to unwanted psychotomimetic and hemodynamic effects, which limits the use of high dose.\[[@ref12]\] The side-effects during single, low-dose injections were mild and well tolerated. In the present study, no side-effects attributed to ketamine were reported.

Intravenous application of low-doses ketamine did not affect the maintenance of established long-term potentiation when used without opioids in a rat model.\[[@ref13]\] This finding reflects the clinical situation where the use of NMDA receptor antagonist in the treatment of some forms of established chronic pain is unsatisfactory.-\[[@ref14]\] On the contrary, another study\[[@ref15]\] has revealed that mechanical allodynia is reduced after administration of intrathecal ketamine in a rat model, probably by preventing sensitization in the spinal cord. However, this effect continued for at least two weeks but diminished after one month.

The author\'s previous published study examining the effect of adding a multi-day low-dose ketamine intravenous infusion to oral gabapentin for treating chronic post-spinal cord injury pain, reported the drug was safe and efficacious in reducing pain, however, the analgesic effect ceased two weeks after termination of infusion.\[[@ref16]\] Meanwhile, in the present study, there was a longer potency (one month post injection) for epidural ketamine.

There are many limitations in our study, the number of injections (single injection) may have been too low to produce an effect for a long term. We did not study the effect on pain which occurred before six months. This was a small clinical study in a highly selected patient population.

CONCLUSION {#sec1-5}
==========

Though epidurally administrated ketamine may be a safe adjunct to gabapentin in post-spinal cord injury-related chronic pain, its effect was limited to one month after single injection.
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